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Aithough Szaiay (L), Ihieme (2), Sata (3), and Ono (L) have (Dec')9) .

studied the effects of supersonic waves on hydrophilic ceolloids,

as yet insufficient studies of such effects on agar solutions have
been conducted. The authors, in order to £ill this gap, have con-
ducted experiments on the action of supersonic waves on agar solu~

tions with particular atbention Lo their action on viscosity change,

!OLIP L
the reduction pedieet of the internal structure ol agar, and the sulfate
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{0CEDURE

An agar base culture manufactured by Takeda was boiled for
30 minutes at 95 degrees Centigrade and the residual portion re-

moved with a glass filter.

The supersonic wave generator built in our laboratory
utilized the piezo crystal effect. The crystal was 50 millimeters
in diameter and 5 millimeters thick with a Kawanishi C=20L oscilla-
tor tube. The frequency was approximately 560 kilocycles. 100
cubic centimeters of the agar culture was placed in a test tube
)0 millimeters in diameter and a crystalline plate was placed L0
millimeters above the agar. The tube was submerged in an insulating
0il so that practically all of the agar was immersed. To determine
the absolute magnitude of the supersonic wave amplitude, the anode
current was maintained constant at 140 milliamperes so as to give an
0il spout of éonstant height during the reaction. Viscosily measure-
ments were made with the Ostwald viscometer at a temperature of
20 degrees Centigrade plus or minus 0.05 degrees Centigrade. The

quinhydrone electrode apparatus was used to determine pH.
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Agar soluation samples of 0,0u6, 0.07, 0,092, and 0. per-
cent concentrations were prepared and their viscosibles determineds
However, the concenirations of these samples differ from those of
mLﬂhmsmpbsbwmmeﬂwcmmm“ﬂﬁmwofuwa&wsm@bswwe
determined by correlating the jellying action at low concenbration,
which was considerably preater than that ol gelabine, and agar par-

ticles combine more firmly with a ¢reaber amount of water. Reaction

was carried out ot five-minute intervals in order to protech the

agar solution from Lhe neabing ellfects of cavitation and to prevent
the fatiguing of the oseillating pertionss Throughout the experiment
the insvlating oil was cooled by circulating water. After five
minubes of sustained reaction, the agar temperature was approximately
20 degrees Centigrade (room tanperature:lS degrees Centigrade). As

a result the slight rise in the temperature of the agar, in compari-
son with similar experiments on other polymer compounds, is not sig-

nificant.

Table I shows the relative viscosities of the agar which in

reneral decreased exponentially.
I
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Reaction
en— time in ) ) . 3
Coni;;tion min.—> O S 10 20 35 55
s
7 I
0.1 3.43 2.68 2.27 1.63 1.52
:
1 27 2
! 0.09, 2.23 1.78 1.55 1.37 1.27 1.23 '
w
l j I
0.07 1.82 1.58 1.48 1.30h 1.15
0 1.9 1.32 1.23 1.11 1.08
C.0L, 1475 1.
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x 100
"Note: ' N (s used here z’ns%?‘ac{ cj j
«S\ae ainal QOreek letter ‘eta)) 'Y],
. Reaction
onoent ) r* cg
) Goneen on 5 10 2 35 55
= in €3
1
0.1 21.7 33.8 7 52.4 55.5
O. 1 1.
30 ; 13.C hle3
0,0 20.2 30.2 38.4 L3.0 |
U.\)92 20.2
13.1 18.6 26.2 36.6
O.,J)_;é 11.0 17.2 22.4 25.2 27.2
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According to Tables T and II no marked decrease of the rela=-
Live viscosities could be recognized such as was observed by Schmid

(6) in his work with such colloid polymers as polystyrene. This

night be attributed to the difference between his work and the pres-

ent experiment in the amplitude ol the supersonic waves, pbut in this
case, it might have been largely due to the difference in the state

o

of ‘the solute particles.

The marked rate ol decrease of relative viscosity is explained
by accelerated particle collisions which occur when the distance of
the random movements of the parbicles is influenced by the amplitude
of the supersonic wave and the concentration and shape of the solute
particles. The concentration, showing the maximun rate of decrease
of relative viscosity as was clearly demonstrated by {hieme's exper-
iment on the gelatins, was determined. In owr experiment, the

greater the concenbration the greater the rate of decrease.

In general, however, since the destructive action of the super-
sonic waves on the jellying action was slight, it is believed that
the maximum decrease of viscosity in the agar solution existed just

prior to the formation of the gel structure.
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eaction

> en-— time in

Conzrabion ’ min., = O s 10 20 35 55
! in gy
0.1y L;.'(B 4.5 u.hg u.23 L,.O3 3.5
i

v ( L.l . . -3
[ 0.1 92 u.sg belig u.?s 3 7 3 5* 3 o
o .G ) 1.0 3.5 3.3
0,07 u.87 L 58 n L . i
0.0k Lo heb b.2 3.9 3ols 3.1
w(,l,6 L 9() 4 3 8 o B A
i L oLy 3.1
1,0 leTp ho34 3.9, 3 Ll Sely
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The pH values resulting from the experiment are showm in
Taple IIT. Speclmens subjected to L5 minutes of reaction showed con-
siderably small values between 3.5 and 3.2+ pH values were again

determined 2l hours later but there was no discernible changee

Tt has been known that the pH values decrease marvkedly when
agar is autoclaved and hydrolysis is carried out, but in this exper-
iment distilled water was acted upon Ly the supersonic waves and in
each case the decrease of pH was greater than that of the agar solu-

tione. 1t became apparent that the decrease of pH was the resulb of

the generation of HNO3 and HNOp by the action of the supersonic

waves on the No of the atmosphere and not of the break up of agars

Some forms, such as spheroids or micelle-shaped hydrophile
colloids, largely recovered their original state when they were
allowed to sebtle after being subjected to the effects of supersonic
waves. The various agar solution specimens were allowed to sebible
for 2L hours (at room temperature of approximately 15 degrees Centi-
gradeand their viscosity again determined. Since the specimens had
slightly solidified they were shaken lightly before viscosity meas-

urements were made again.
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Iv
reaction
concen- time in
tration min. o] 5 15 20 35 5
in g
' ) 7 1.4 3 c
0.1 —-O.,/; —‘1,86 -2.2 «1.0g +a3, +,-37
i 0,09 -0.5 -3.2, -ife 1 -0.9 +3.2 +9.3
o 2 o 5 Iy 5
I 2 0.3 .8
97 _0.1 0.7, 2.9 -2.0 +0.3 4408 _
0,07 0 L9 7o 29, 3 3
0.0hL, ~0.9 -3.0 ~1.3 =0.5, +0.02
b 2 O 4
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Table IV shows the rate of change of viscosity after the
gpecimens were allowed to settle for o, hours. Minus indicates de-

crease and plus indicates increase.

The agar exhibited completely different properties from that
of the gelatins, which showed remarkable recovery phenomenon. Speci-
mwsothhcmmmmmﬁmm mmmcmdfM'ﬂwrmrlmgwsoftnm
than those of lower concentration, began to show viscosity recovery
sooner than specimens of low concentration which showed recovery

only after an extended settling time.

Tnorganic acids most affected the viscosity of agar solution;g
the cation neutralized the charge on the agalr particles and the anion
acted as an aphydride agent. Although the anhydride action of the
charged particles is reversible, the anhydrides that have lost their
charges are irreversible and agar particles that have lost their

charges form insoluble precipitates upon becoming anhydrides.

The HNO3 HNOp, and HpO2 which form gradually under the action

of the supersonic waves, the dissolution of particle clusters formed

by the mechanical action arising from the formation of HNO3, Ho02,

and HNOp, and the disturbance of the hydration layers all combine to
result in a strong anhydride phenomenon when the reaction time is
short. As the reaction time is increased, it 1s believed, the hydra-
tion phenomenon gradually becomes more marked. In this case since
the supersonic wave time reaction is increased as the concentration
of the specimen is increased, the points at which the changes occwr

appear in a relatively short time.
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The measurement of the reducing adireas. arlsing {rom the de-

struction of the agar molecule frow the action of the supersonic
waves was made LYy tle Micro Bertrand method, Although each specimnen

was measured after 5, 15, 30, and 60 minutes of reaction, results

were negalbive after 5 minutes; extremely minute quantities were ob~

gerved after 15 and 30 minutes; &and only after 60 minutes were
minute meagureable quantities obtained. Complete measurements could
not be made; however, as the reaction time was increased, detectable

quantities could be observed sufficiently.

Tt is Thought that the destructive action of the supersonic
waves on soluble particles can be attributed to cavitation, friction
petween solutes and solvents, collisions, various chemical reactions,
and heal; however, the generabion of soluble particles ceases when
the pressure of cavitation increases, and upon decreasing the pres-
sure of cavitation the generation of soluble particles appears along
with the spoubing phenomenon and decavitation. In order Lo observe
the effects of cavitation, supersonic waves were directed upon mate-

rial whose pressure Was reduced to 30 millimeters.
TABLE VI
Reaction time (Min)
Relative viscosity 2.02
The results are shown in Table VI and indicate a further drop

in viscosity. This is because the desbtruction of the agar particle

and the conglomerate form is lessened by the friction between the
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solute and solvents The resulls are identical with those obtained

by I'reuadiich (7). 'The greater part of the decrease in viscosity
of agar solution stems from cavitation, but perhaps a part was

played vy Storke's friction.

CONCLUS1ON

1. When agar solubion was subjected to supersonic waves and
allowed to settle for 2, hours, viscosiby change decreased in speci=
mens subjected to short reaction time, and specimens subjected to

long reaction time showed recovery phenomenone

2. The hydrogen ilon concentravion varies because ol Uthe gen-
gration of N0y and MO+ The destructive action resulting from
supersonic waves on agar particles is caused not Ly the sulfate rad-
ical but by the generation of the reduction radical which is produced

in minute amounts, other radicals being produced in large amountse

3. Altvhough cavitation was guarded against and decreases of
viscosity occurred in spite of this, the viscosity decrease can still
be attributed mainly to cavitation. .
R@c«‘ved
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